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Summary
In contrast to lung infection caused by Legionella pneumophila, little is known about the
pathogenesis of this disease in other organs. In this study, we analyzed the number of co-
lony forming units (CFU) of legionellae not only in lungs but also in EDTA plasma, liver,
spleen and kidneys. The number of CFU was determined 2, 24, 48, 72 and 168 h after in-
tratracheal inoculation. Results showed that the inflammatory response was mostly prono-
unced in lungs. Legionellae, however, were also found in EDTA plasma and all the other
investigated organs. The duration of infection was most protracted in lungs, with persi-
stence for at least 168 h. In the remaining organs, legionellae were found for a maximum
of 72 h after inoculation. Besides the culture methods used for detection of CFU we also
used LightCycler (LC) PCR to confirm the presence of bacteria in the blood of intratrache-
ally infected mice. By this method the bacterial DNA could be detected during the first
two days of post infection.
Key words: Legionnaires’ disease, systemic disease, animal model, real-time polymerase
chain reaction
Introduction
Legionnaires’ disease was first recognized during
an outbreak of pneumonia involving delegates to the
1976 American Legion convention at a Philadelphia ho-
tel. In January 1977, a Gram-negative bacterium was iso-
lated and designated Legionella pneumophila (1). L. pne-
umophila is a facultative intracellular bacteria naturally
found in water as a parasite within protozoa. Pathogens
that are able to survive in the environment for extended
periods tend to be relatively virulent. The virulence of
legionellae may be increased by replication in amoeba
(2,3). Transmission to humans occurs by inhalation of
contaminated aerosols generated by numerous man-made
devices, such as showerheads, air-conditioners, mist ma-
chines in grocery, and medical and dental equipment
(4,5).
As diagnostic methods have improved and epide-
miology of the reservoir has been investigated, legionel-
lae have been found to be a common cause of commu-
nity-acquired and nosocomial pneumonia (6). Although
the lungs are the most common sites of infection with
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legionellae, an important subset of patients have infec-
tion at extrapulmonary sites. Dissemination of L. pneu-
mophila is incompletely understood due to the lack of an
efficient animal model for studying the systemic charac-
ter of the disesase.
The aim of this study was to investigate the sys-
temic character of L. pneumophila infection in A/J mice,
induced by intratracheal inoculation of virulent bacteria.
The CFU in the organs was determined. We compared
the culture to a molecular assay for qualitative detection
of L. pneumophila in EDTA plasma of A/J mice.
Materials and Methods
Animals
Female pathogen-free A/J mice, 8 to 9 weeks of age,
were used for all experiments. They were housed in our
animal facility according to standard guidelines.
Bacteria
The L. pneumophila Philadelphia strain 1, serogroup
1, (35133; American Type Culture Collection, Rockville,
MD) was cultured on BCYE plates (Merck, Darmstadt,
Germany) for 24 to 36 h. Bacteria were washed by cen-
trifugation in sterile saline at 4 °C and resuspended for
the appropriate concentration (1.0  107 CFU).
Inoculation of animals
Intratracheal inoculation of mice was done accord-
ing to the previously described protocol (7,8). Briefly,
the mice were narcotized by intraperitoneal injection of
ketamine (2.5 mg/mouse). A total of 50 L of the bacte-
rial suspension in sterile water (1.0  107 CFU) was inocu-
lated directly into the trachea using a 26-gauge needle
followed by 10 to 20 L of air. The skin incision was
surgically closed. Control animals were inoculated with
saline only.
Quantitation of L. pneumophila in mice
Mice were humanely sacrificed 2, 24, 48, 72 or 168 h
after the intratracheal inoculation. Subsequently, lungs,
spleen, liver, and kidneys were aseptically excised,
minced, and homogenized in a tissue homogenizer with
5 mL of sterile distilled water. Blood was taken asepti-
cally from the heart. All the blood was collected in
EDTA 3.0 mL tubes. Within 2 h of drawing the blood,
tubes were centrifuged at 1500 g for 20 min at room
temperature. After centrifugation, plasma aliquots were
prepared, and were immediately frozen at –70 °C until
testing or whole blood collection tubes were frozen at
–70 °C without prior preparation. The number of CFU
in the organs was determined by the plate dilution
method using BCYE agar. After 5 days of incubation at
35 °C and CO2 5 %, the colonies were counted and the
results were expressed as the number of CFU per organ
homogenate and EDTA plasma, respectively. Contami-
nation of homogenates was excluded by culturing an
aliquot of organ homogenate on Mueller-Hinton blood
agar for 3 days. All experiments were repeated at least 3
times using 3 mice.
DNA extraction
A fully automated DNA extraction protocol, the
MagNA Pure LC DNA Isolation Kit III for Bacteria and
Fungi (Roche Applied Systems, Mannheim, Germany)
was employed. Prior to the start of the automated ex-
traction, bacteria lysis buffer 130 L, internal control
(IC) 2.5 L (50 copies) and proteinase K 20 L were
added to 100 L of sample material, followed by a
10-min incubation at 65 °C. After this, the DNA extrac-
tion protocol was done according to the manufacturer’s
instructions. The elution volume was set to be 100 L.
Primers and probes
Oligonucleotides deduced from the published se-
quence of the 16S rRNA gene of the Legionella genome
were used (9,10). For detection of the target sequence,
hybridization probes (TIB MOL-BIOL, Berlin, Germany)
were labeled with LC Red 640 at the 5' end and with
fluorescein at the 3' end (Table 1). For the detection of
the IC, hybridization probes (TIB MOLBIOL) were la-
beled with LC Red 705 at the 5' end and with fluores-
cein at the 3' end.
Real-time PCR on the LightCycler instrument
The real-time PCR was performed on the Light-
Cycler instrument (Roche Applied Systems). The PCR
master mix contained Fast Start Master DNA Hybridiza-
tion Probes reaction mix 2 L, MgCl2 2.4 L (final con-
centration c=4 mM), forward and reverse primers, 0.2
L each (final concentration c=0.5 M), Leg FL and Leg
LC hybridization probes, 0.2 L each (final concentra-
tion c=0.2 M), Neo-LC Red 705 and Neo FL of neo-hy-
bridization probes, 0.2 L each (final concentration c=0.2
M) and PCR-grade sterile water to a final volume of 15
L. A 5 L aliquot of extracted sample was added to 15
L of PCR master mix in each LC glass capillary. After
this, LC capillaries were sealed, inserted into the spe-
cially designed LC Carousel (Roche Applied Systems),
and centrifuged with 3000 rpm for 15 s. Finally, the LC
Carousel was placed into the LC instrument.
The cycling protocol was run as follows: one cycle
at 95 °C for 7 min followed by 55 cycles consisting of
denaturation at 95 °C for 3 s, annealing at 62 °C for 10 s,
and elongation at 72 °C for 20 s. The capillaries were
then cooled at 40 °C for 2 s. After the final cycle, the
melting curve was started at 50 °C and the thermal
chamber temperature was slowly raised to 82 °C. Fluo-
roscence curves were analyzed with the LC software
(Ver3.5.3). Channel F2 was selected for calculation of
crossing points of the target sequence, done by the auto-
mated second derivative maximum method. Channel F3
was selected for calculation of crossing points of the in-
ternal control (IC), done by the automated second deriv-
ative maximum method.
Results and Discussion
In this study, a replicative L. pneumophila lung infec-
tion was assessed in vivo, using a murine model of Le-
gionnaires’ disease in A/J mice inoculated with virulent
bacteria. The rate of clearance of L. pneumophila from the
lungs was determined by the culture of tissue homoge-
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nates (Fig. 1). A mean of 3.4  106 CFU was recovered
from the lungs of mice 2 h after the intratracheal inocu-
lation of L. pneumophila. The maximum number of CFU
was reached after 48 h. From this timepoint onwards,
the number of bacteria decreased continuously. At 168 h
after inoculation, bacteria (mean, 2.5  103 CFU) were still
detectable in the lungs.
To determine whether these mice developed a dis-
seminated L. pneumophila infection additionally, spleen,
liver and kidneys of the infected mice were taken for
analysis. At 2, 24 and 48 h after the intratracheal inocu-
lation, L. pneumophila was recovered from all of these or-
gans (Fig. 1). The maximum number of CFU was
reached after 24 h. At 48 h after the inoculation, the
number of bacteria decreased in all the investigated or-
gans. At 72 h after the inoculation, bacteria could not be
found in spleen nor in kidneys. In contrast, legionellae
were always found in liver at that timepoint. This find-
ing may correspond to the clinical presentation of
Legionnaries’ disease with a slight elevation of bilirubin
and transaminases. Kupffer cells might serve as a suit-
able reservoir for legionellae. At 168 h after intratracheal
inoculation, bacteria could not be detected in any of the
investigated organs except for the lungs.
Extrapulmonary legionellosis is a rare event, but the
clinical manifestations are often dramatic (11). Legionel-
lae have been found in cases of pancreatitis, peritonitis,
pyelonephritis and endocarditis (12,13). Dissemination
apparently occurs through bacteremia. To analyze this
possibility, we tested the blood of infected animals on
legionellae using two different methods: culture and
real-time PCR. Legionella pneumophila was found in the
blood of A/J mice at 2, 24 and 48 h after the infection by
real-time PCR (Fig. 2). Culture method gave comparable
results.
Culture has been considered as the gold standard
for diagnosis of Legionella infections. A drawback of the
culture is that the results are not available for several
days. In this study, a real-time LC PCR assay for quali-
tative detection of Legionella DNA in EDTA plasma was
evaluated. For this assay, oligonucleotides derived from
the 16S rRNA gene were employed. Specificity of 16S
rRNA gene primers for the genus Legionella used in the
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Table 1. Oligonucleotides used for real-time PCR assay
Primers and probes
(sequences)
GeneBank accession no.
(positions amplified)
Length
(nucleotides)
G+C
w/%
Melting
t/°C
Primers
Leg For (5´-AGGGTTGATAGGTTAAGAGC) M159157 (451-470) 20 45 49.8
Leg Rev (5´-CCAACAGCTAGTTGACATCG) M159157 (818-837) 20 50 53.4
Legionella and neo-specific hybridization probes
Leg FL (5´-GTGGCGAAGGCGGCTACCT-FL)
Leg LC (5´-LC Red640-TACTGACACTGAGGCACGAAAGCGT)
M159157 (722-740)
M159157 (748-772)
19
25
68.4
52
64.4
65.3
Neo FL (5´- GCTGCATACGCTTGATCCGGCT-FL)
Neo LC (5´-LC Red705-CCTGCCCATTCGACCACCAAGC)
V00618 (516-537)
V00618 (539-560)
22
22
59.1
63.6
66.0
68.6
0
2
4
6
8
10
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Fig. 1. Kinetics of colony counts in lung, liver, spleen, kidney
and blood in A/J mice inoculated intratracheally with 1.0  107
CFU of L. pneumophila. Error bars represent standard deviation of
the mean
L. pneumophila
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Fig. 2. Fluorescence versus cycle number plots of EDTA plasma samples containing L. pneumophila serogroup 1. DNAwas detected on
fluorescence channel F2 and the corresponding internal control-specific amplification products in channel F3 (not shown)
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present study has recently been described (14–16). The
16S rRNA gene is more suitable as target gene than 5S
rRNA because it exists in multiple copies per genome
and thus improves the sensitivity and specificity of the
PCR assay (17). Amplification may fail because of the
interference with PCR inhibitors. It is, therefore, useful
to incorporate an IC in every molecular assay (18). The
IC used in this study was co-extracted with samples and
co-amplified with the same primers used for the target
DNA.
In conclusion, Legionnaires’ disease does not only
include lung infection, but also dissemination of legio-
nellae throughout the body. Infection of liver, spleen
and kidneys was detected after intratracheal inoculation
of L. pneumophila. When inoculating 1.0 · 107 CFU, the
infection can still be seen in the lungs 168 h later, while
the duration of the infection seems to be shorter in other
organs. Legionellae can also be detected in EDTA
plasma by both, culture and molecular techniques. The
employed real-time PCR assay offers advantages includ-
ing easy and quick performance and reduction of the
risk of cross-contamination.
Acknowledgements
We gratefully acknowledge Gerhard Muehlbauer
and Olfert Landt for stimulating discussions.
References
1. J. E. McDade, C. C. Shepard, D. W. Fraser, T. R. Tsai, M.
A. Redus, W. R. Dowdle, New Engl. J. Med. 297 (1977)
1197–1203.
2. Y. Abu Kwaik, L. Y. Gao, B. J. Stone, C. Venkataraman, O.
S. Harb, Appl. Environ. Microbiol. 64 (1998) 3127–3133.
3. B. S. Fields, Trends Microbiol. 4 (1996) 286–290.
4. R. R. Muder, Y. Vl, A. H. Woo, Arch. Intern. Med. 146
(1986) 1607–1612.
5. R. F. Breiman, B. S. Fields, G. N. Sanden, L. Volmer, A.
Meier, J. S. Spike, JAMA, 263 (1990) 2924–2926.
6. J. E. Stout, V. L. Yu, New Engl. J. Med. 337 (1997) 682–687.
7. M. Susa, B. Ticac, T. Rukavina, M. Doric, R. Marre, J.
Immunol. 160 (1998) 316–321.
8. J. Brieland, P. Freeman, R. Kunkel, C. Chrisp, M. Hurley,
J. Fantone, C. Engelberg, Am. J. Pathol. 145 (1994)
1537–1546.
9. H. H. Kessler: Qualitative detection of herpes simplex vi-
rus DNA on the LightCycler. In: Rapid Cycle Real-Time
PCR-Methods and Applications, Springer, Heidelberg (2000)
pp. 331–336.
10. N. Wellinghausen, C. Frost, R. Marre, Appl. Environ. Micro-
biol. 67 (2001) 3985–3993.
11. P. W. Lowry, L. S. Tompkins, Am. J. Infect. Control. 21
(1993) 21–27.
12. D. Schurmann, G. Grosse, I. Horbach, F. J. Fehrenbach,
Zentralbl. Bakteriol. Mikrobiol. Hyg. 225 (1983) 120–126.
13. M. E. Williams, C. Watanakunakorn, I. M. Baird, S. E. Ge-
rald, Am. J. Med. Sci. 279 (1980) 177–183.
14. J. L. Cloud, K. C. Carrall, P. Pixton, M. Erali, D. R. Hil-
lyard, J. Clin. Microbiol. 38 (2000) 1709–1712.
15. K. Rantakokko-Jalava, J. Jalava, J. Clin. Microbiol. 39 (2001)
2904–2910.
16. U. Reischl, H. J. Linde, N. Lehn, O. Landt, K. Barratt, N.
Wellinhausen, J. Clin. Microbiol. 40 (2002) 3814–3817.
17. M. Maiwald, M. Schill, C. Stockinger, J. H. Helbig, P. C.
Luck, W. Witzleb, H. G. Sonntag, Eur. J. Microbiol. Infect.
Dis. 14 (1995) 25–33.
18. P. D. Siebert, J. W. Larrick, BioTechniques, 14 (1993) 244–249.
Sustavna obilje`ja legionarske bolesti – na modelu mi{a
Sa`etak
Za razliku od plu}nih infekcija koje uzrokuje Legionella pneumophila, malo je poznato o
patogenezi ove bolesti u drugim organima. U radu je prou~avan broj bakterija Legionella
pneumophila (CFU), ne samo u plu}ima nego i u EDTA-plazmi, jetri, slezeni i bubrezima.
CFU je odre|en 2., 24., 48., 72. i 168. sata nakon intratrahealne inokulacije. Dobiveni rezul-
tati pokazuju da je upalni proces bio najizra`eniji u plu}ima. Me|utim, Legionellae su pro-
na|ene i u EDTA-plazmi i u ostalim ispitanim organima. Infekcija je najdulje trajala u
plu}ima, i to najmanje 168 sati. U ostalim organima, Legionellae su prona|ene najdulje 72
sata nakon inokulacije. Da bi se dokazala prisutnost bakterija u krvi intratrahealno inficira-
nih mi{eva, osim metode uzgoja, primijenjena je i metoda »LightCycler PCR«. Ovom me-
todom bakterijska DNA mo`e se dokazati u prva dva dana nakon infekcije.
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